This study investigated the effect of the immersion of alginate impressions in 0.5% sodium hypochlorite solution for 15 min on the dimensional changes of stone models designed to simulate a sectional form of a residual ridge. Five brands of alginate impression materials, which underwent various dimensional changes in water, were used. A stone model made with an impression that had not been immersed was prepared as a control. The immersion of two brands of alginate impressions that underwent small dimensional changes in water did not lead to serious deformation of the stone models, and the differences in the dimensional changes between the stone models produced with disinfected impressions and those of the control were less than 15 µm. In contrast, the immersions of three brands of alginate impressions that underwent comparatively large dimensional changes in water caused deformation of the stone models.
INTRODUCTION
During the process of dental treatment, it is important to disinfect impressions as well as equipment to prevent infection [1] [2] [3] [4] [5] [6] [7] [8] . Alginate impressions are disinfected by spraying with or immersion in a sodium hypochlorite or a glutaraldehyde solution [1] [2] [3] [4] [5] 7) . On disinfection by spraying, the American Dental Association (ADA) recommends that alginate impressions be sprayed with an ADA-approved disinfectant and then sealed in a plastic bag according to the recommended disinfection time 1) . Spray disinfection of alginate impressions reportedly did not cause adverse dimensional changes and surface deterioration of the resultant stone models [9] [10] [11] [12] [13] . On disinfection by immersion, the Japan Prosthodontic Society recommends that alginate impressions be immersed in either 2-3.5% glutaraldehyde solution for 30-60 min or in 0.1-1.0% sodium hypochlorite solution for 15-30 min 5) . However, immersion of alginate impressions in glutaraldehyde for 30 min reportedly compromised the dimensional accuracy and surface quality of the resultant stone models 10, 14, 15) . Alternatively, sodium hypochlorite solution (1:10 dilution of 5.25% household bleach) is used for the disinfection of alginate impressions 1, 3) . However, protracted immersion of alginate impressions resulted in water absorption, causing large dimensional changes in impressions and hence deformation of the resultant stone models 3, 16) . In our previous study 15) , we reported that the amount of dimensional change of alginate impressions in water varied with the brand of alginate impression material. This same study reported that the dimensional change in water of the alginate impression affected the dimensional change of the resultant stone model due to the impression immersion in disinfectant solutions.
Disinfection by immersion is more effective and reliable than disinfection by spray. Therefore, it is meaningful to examine an acceptable immersion disinfection method for alginate impressions. In the present study, five brands of alginate impression materials, as characterized by the various dimensional changes in water, were immersed in 0.5% sodium hypochlorite solution for 15 min. The effects on the dimensional changes of stone models were then investigated.
MATERIALS AND METHODS

Materials used
Five brands of alginate impression materials were used in this study to make stone models: Algiace Z (ACZ; Dentsply-Sankin), Aroma Fine DFIII (AFIII; GC), Aroma Fine Plus (AFP; GC), Alflex (ALF; Nissin), and Tokuso A-1 (TOA; Tokuyama Dental).
An automatic mixer (Super Rakuneru, GC, Tokyo, Japan) was used to mix the alginate impression materials and a type V dental stone (New Plastone, GC, Tokyo, Japan). An adhesive (Technicol Bond, GC, Tokyo, Japan) was used to firmly adhere the alginate impression materials to their metal impression trays. Immersion disinfectant used was Purelox (6% sodium hypochlorite; Oyalox, Tokyo, Japan), which was diluted with deionized water to a concentration of 0.5%.
More details of the materials used in this study are given in Table 1 . All materials were used according to manufacturers' instructions.
Effect of immersion disinfection of alginate impressions in sodium hypochlorite solution on the dimensional changes of stone models
Fabrication of stone models Figure 1 shows the epoxy resin master die designed to simulate a sectional form of a residual ridge, its accompanying stand, and a perforated metal tray adjusted to an impression thickness of 5 mm 12, 15) . Figure  2 shows the diagrams of the master die and its accompanying stand with dimensions. This equipment is used in the stone model formation system to standardize the coordinate positioning outside the stone model for a three-dimensional analysis of the measurements of dimensional change of the stone models 17) . In this system, the positions of the master die and the stone model have the same standardized coordinates on the stand, and so they can replace each other at the same location in relation to the stand.
The procedure used to make a stone model is as follows. The perforated metal tray, overfilled with a mixed alginate impression material, was seated on the master die. At 7 min after the start of alginate mixing, the master die was removed at a crosshead speed of 500 mm/min by a universal testing instrument (Model 5567, Instron, Canton, MA, USA). The impression was rinsed for 60 s under tap water, then immersed in 0.5% sodium hypochlorite solution for 15 min. The impression was rinsed again for 60 s under tap water to remove the disinfectant. Dental stone mixture was poured into the impression and allowed to set. At 1 h after the start of dental stone mixing, the stone model was removed from the impression and stored at room temperature for 24 h prior to three-dimensional measurements. For a control, a stone model was prepared from each brand of impression material that was not immersed.
A total of 50 stone models were prepared according to these two conditions for each brand of alginate impression material: control (C) without immersion versus test immersion in 0.5% sodium hypochlorite solution for 15 min (0.5SH). Water temperature was 23°C±1°C.
Measurement procedure
Measurements were made using a three-dimensional coordinate measuring system (XYZAX GC400D, Tokyo Seimitsu, Tokyo, Japan) in the same manner as in 12, 15, 18) . As shown in Fig. 3 , the standardized coordinates were set on the stand. Profiles of X-Y sections (Z=10, 15 mm), Y-Z sections (X=24, 38, 42, 56 mm), and X-Z sections (Y=16, 24 mm) of the master die and stone models were measured at a 0.5-mm pitch by using a touch-trigger electron probe fitted with a 0.7-mm feeler ball. Cubic curve interpolation 19) was performed on the data for the master die, and nominal values at 0.5-mm intervals were obtained. The distance between the nominal values of the master die and the profile determined by the cubic curve interpolation of the measurement data of the stone model was calculated.
The entire experiment was conducted at a room temperature of 23°C±1°C and a relative humidity of 50%±10%.
Sectional profiles given by the nominal values of the master die and measured profiles of the stone models, including the magnified distances, were plotted graphically. Displacements of the stone models were also evaluated visually from these plots.
Each sectional profile had 30-100 nominal values. It was difficult to statistically evaluate the distances between all the nominal values and the measured profiles of stone models. Therefore, dimensional changes in positions I (margin), II (top), III (buccal edge, palatal edge at Z=10 mm), and IV (buccal edge, palatal edge at Z=15 mm) on each stone model were calculated and then evaluated statistically.
Dimensional change calculation 1. Dimensional changes in Z-direction Point a (Fig. 3) was the intersection of X-Z section (Y=16 mm) and Y-Z section (X=24 mm). Using three nominal values of the master die on X-Z section (Y=16 mm) near point a (upper diagram in Fig. 4 ), three distances in the Z-direction between each nominal value and the measured profile of the stone model were calculated. Using three nominal values of the master die on Y-Z section (X=24 mm) near point a (middle diagram in Fig.  4 ), three distances in the Z-direction between each nominal value and the measured profile of the stone model were calculated. The mean value of these six distances in the Z-direction was defined as the dimensional change at point a 12, 15) . Similarly, dimensional changes of the stone models at points d, e, h, i, l, m, and p were defined with the mean values of six distances in the Z-direction at each intersection. 2. Dimensional changes in X-direction Point b (Fig. 3) Fig. 4 ), three distances in the X-direction were calculated. Using three nominal values on the X-Y section (Z=10 mm) near point b (lower diagram in Fig. 4 ), three distances in the X-direction were calculated. The mean value of these six distances in the X-direction was defined as the dimensional change at point b 12, 15) . Similarly, dimensional changes of the stone models at points c, f, g, j, k, n, and o were defined with the mean values of six distances in the X-direction. 3. Dimensional changes at positions I to IV Using the dimensional changes calculated for points a-p, the dimensional changes at positions I, II, III and IV on the stone model were calculated according to the equations given in the caption of Fig. 3 . For displacement towards the tray, dimensional change was considered positive whereas that in the opposite direction was considered negative.
was the intersection of X-Z section (Y=16 mm) and X-Y section (Z=10 mm). Using three nominal values of the master die on X-Z section (Y=16 mm) near point b (upper diagram in
Data of the dimensional changes at positions I-IV of the stone models were subjected to Tukey's multiple comparison test (=0.05) for statistical comparisons between the conditions. RESULTS Figure 5 shows the sectional profiles of X-Z section (Y=16 mm) given by the nominal values of the master die (β) and the measured profiles () of stone models fabricated from ACZ, AFIII, AFP, ALF and TOA impressions. Distances between the nominal values of the master die and the measured profiles of the stone models were magnified 25 times in Fig. 5 , so that displacements of the stone models could be visually evaluated. For each brand of alginate impression material, results shown were for two conditions: without immersion (C) and after immersion in 0.5% sodium hypochlorite solution (0.5SH).
For control condition C, stone models made from all the five brands of alginate impressions exhibited a displacement toward the tray. Displacements by ACZ, ALF, and TOA were smaller than those of AFIII and AFP.
Stone models made from AFIII and AFP showed a small difference between C and 0.5SH conditions. For stone models made from ACZ, ALF, and TOA, their displacements under 0.5SH condition were decreased compared to those under C condition; they also showed a change in shape from the master die. Similar results were found for the profiles of X-Y and the Y-Z sections. Figure 6 shows the dimensional changes at positions I-IV on the stone models obtained from all the five impressions.
Dimensional changes in 0.5SH were significantly smaller than those in C at all positions for the five impression materials. For AFIII and AFP, their differences in dimensional changes between C and 0.5SH were less than 15 µm. For ACZ, ALF, and TOA, their differences in dimensional changes between C and 0.5SH were 19-23 µm, 33-39 µm, and 25-32 µm respectively.
DISCUSSION
When alginate impressions were immersed in sodium hypochlorite solution, they absorbed water because of water movement caused by osmotic pressure difference between the impression and the disinfection solution 20) . The dimensional stability of an alginate impression in sodium hypochlorite solution varied according to types and brands. It was reported that alginate impression materials which underwent small dimensional changes in water also showed small dimensional changes in sodium hypochlorite solution 21) . In our previous study 15) , the dimensional changes of ACZ, AFIII, ALF, and TOA in water were measured using a direct non-pressure method 22) . From the original dimensions of 30 mm diameter and 5 mm thickness, 1 h of immersion in water caused ACZ, AFIII, ALF, and TOA to be expanded by 92, 72, 120, and 91 µm respectively. In this study, AFP impression was immersed in water for 1 h prior to the experiment. It expanded by 51 µm, which was lower than the other four impression materials.
In the present study, stone models made from AFIII and AFP -which showed smaller expansion than the other three impression materials after immersion in water-showed significantly smaller dimensional changes in 0.5SH than in C. When a stone model displaces in an opposite direction from the impression tray, it is because the impression has expanded due to water absorption from rinsing and disinfectant immersion 23) . Therefore, these results of AFIII and AFP were thought to be caused by expansion due to the dual absorption of disinfectant solution and the water used for second rinsing.
Nonetheless, differences in dimensional changes between the stone models produced with the disinfected impressions and those of the control were less than 15 µm -which is clinically acceptable 24, 25) . Since the measured profiles of the stone models showed small differences between C and 0.5SH, it is suggested that immersion in 0.5% sodium hypochlorite solution for 15 min of the AFIII and AFP impression materials had little influence on the dimensional changes of the stone models.
For alginate impression materials which underwent only minor dimensional changes in water, this disinfection method did not have an adverse influence on the dimensional changes of the resultant stone models.
For ACZ, ALF, and TOA, their differences in dimensional changes between C and 0.5SH were 19-39 µm.
These deviations might also be clinically acceptable 24, 25) . Interestingly, the measured profiles of the stone models made from ACZ, ALF, and TOA showed smaller displacements in C and 0.5SH than those made from AFIII and AFP. It seemed that more accurate stone models could be obtained from ACZ, ALF, and TOA than from AFIII and AFP. However, a change in shape from the master die was observed in the resultant stone models made from ACZ, ALF, and TOA impressions in 0.5SH. These results suggested that deformation might occur in the resultant stone models, although this was not clarified through the evaluation of dimensional changes at positions I-IV. The deformation of the stone models was primarily based on the expansion of the impressions as a result of water absorption during the disinfectant immersion. Since the ACZ, ALF and TOA impressions, which are characterized by large dimensional changes in water, showed large dimensional changes in sodium hypochlorite solution, the unequal expansion may occur in 0.5% sodium hypochlorite solution.
CONCLUSION
For alginate impressions that undergo only small dimensional changes in water, immersion disinfection in 0.5% sodium hypochlorite solution for 15 min is a feasible disinfection method.
